Several possible risk factors for brain tumors have been suggested in the past, including A/-nitroso compounds, but with the exception of ionizing radiation, none has been consistently confirmed. The present study was aimed at assessing the influence of nutritional factors, including /V-nitroso compounds, in the etiology of brain tumors, specifically gliomas and meningiomas. One hundred and thirty-nine cases with confirmed brain tumors diagnosed between 1987 and 1991 in central Israel and 278 controls matched according to age, sex, and ethnic origin were interviewed. Nutritional data were obtained using a semiquantitative food frequency approach. A significant positive association for both types of brain tumors was found with high protein intake (odds ratio (OR) = 1.94, 95% confidence interval (CO 1.03-3.63), while intake of sodium was inversely related to both types of brain tumors (OR = 0.52, 95% Cl 0.31-0.87). Increased consumption of total fat and cholesterol was inversely related to gliomas (high intake of fat: OR = 0.45, 95% Cl 0.20-1.07; high intake of cholesterol: OR = 0.38, 95% Cl 0.14-1.01). However, neither fat intake nor cholesterol intake was significantly related to the risk of meningiomas. Although /V-nitroso compounds were not found to be directly associated with brain tumors, the data suggested the presence of an interaction between the effects of /V-nitroso compounds and protein intake and between /V-nitroso compounds and cholesterol intake. The data suggest that dietary factors may play an important, though yet undefined, role in the development of brain tumors. Am J Epidemiol 1997; 146:832-41.
The incidence of brain tumors varies among populations, but the higher rate in Western countries cannot be completely explained by the presence of better diagnostic facilities (1) . Several possible risk factors for brain tumors have been suggested (2) (3) (4) (5) (6) (7) , but with the exception of ionizing radiation, none has been consistently confirmed. In 1956, an association with TV-nitroso compounds was hypothesized on the basis of liver cancer observed in animals (8) . N-nitroso compounds constitute a category of environmental compounds containing two major components: nitrosamines, which require metabolic activation, and nitrosamides, which do not (9) . Human exposure to yV-nitroso compounds originates in both endogenous and exogenous sources (10, 11) . It has been hypothesized that dietary nitrate and nitrite are converted in the stomach to nitrous acid, which then reacts with
MATERIALS AND METHODS Study population
The study population was based on subjects aged 18-75 years who had been diagnosed with brain tumors in the central region of Israel. In 1992, we identified 181 cases of histologically confirmed primary brain tumors (International Classification of Diseases, Ninth Revision (19) , codes 191.0-191. 3, 191.9, 226 .0, and 225.2) diagnosed between 1987 and 1991 via records of the Chaim Sheba Medical Center, Tel Hashomer, Israel. This hospital serves central Israel but also admits patients with brain tumors from other hospitals outside of the area. Of these 181 cases, 42 (23 percent) were excluded for the following reasons: 10 (5 percent) refused to participate, two (1 percent) were incapable of being interviewed, 13 (7 percent) died prior to interview and their spouses refused to cooperate, and 17 (9 percent) could not be located. The final study group comprised the remaining 139 cases. Fifty-nine cases had malignant tumors and 80 had benign tumors, primarily meningiomas. Two controls were matched to each case by age (±5 years), sex, and ethnic origin. One control was chosen from a list of friends provided by the case, and the other control was selected from orthopedic patients without known tumors who were treated at the Chaim Sheba Medical Center or at local hospitals from which the medical center accrues its neurosurgical practice.
Data collection
Each case and his or her matched controls were interviewed by the same trained interviewer. When the case could not be interviewed, the spouse was interviewed. In such cases, we also interviewed the spouses of the respective controls. Cases and friend controls were interviewed at home, and hospital controls were interviewed in the hospital.
The interview was based on an adaptation of a standardized questionnaire (20) that has been used in our department for years. The information obtained from each subject included demographic data, level of education, use of medications, smoking, and exposure to ionizing radiation before diagnosis. The nutritional data were obtained via a semiquantitative food frequency questionnaire (20) (21) (22) . The subjects were questioned about their usual diet during the years before diagnosis, to reduce the possibility that symptoms might have altered the reported diet (23) .
A list of approximately 100 food items and prepared foods eaten by various population groups in Israel was included in the questionnaire. Food consumption was indirectly quantified according to the frequency and amount of consumption of each food item. The subjects were asked to select one of the following categories for frequency: daily; a certain number of times per week; once, twice, or three times per month; or never. In addition, they were asked to estimate the portion consumed, relative to the standard portion. For each food item, each study subject was also asked whether his or her usual consumption had changed, using the following categories: no change, change within the past 5 years, change within the past 5-9 years, and change ^10 years previously. If any change in diet was reported, the questionnaire requested data on consumption of the relevant food items before the change occurred. Both the recent and the earlier dietary intake data were recorded. The current analysis of dietary intake was based on data from 10 years before diagnosis. The two matched controls were interviewed within 3 months of the corresponding case.
We estimated consumption of the following nutrients: total protein, cholesterol, sodium, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, sugar, fiber, total carbohydrates, starch, calcium, vitamin E, nitrates, nitrites, carotene, retinol, retinol equivalents, vitamin C, total vitamin A, and total Nnitroso compounds. In addition, we calculated total energy intake.
Statistical analysis
This report is limited to long-term habitual dietary intake. The nutritional analysis consisted of several stages. First, we estimated the risk associated with the intake of individual food items and subsequently with the intake of specific nutrients. Nutrient intake was calculated with the aid of the Israeli food composition tables (24) and US Department of Agriculture handbook no. 8 (25) . To assess total intake of TV-nitroso compounds, we used the model suggested by Choi (26) , which takes into account endogenous N-nitroso compound formation.
Total consumption of each food group was calculated as the sum of consumption of all items included in the group. Comparison between cases and controls was performed after dietary intake was categorized according to tertiles of the intake distribution in controls.
Following the method of Willett (21), we transformed nutrient intakes to nutrient densities (defined as the daily consumption of the appropriate nutrient divided by total daily calories). The densities were then transformed into three categories-1) low, 2) medium, and 3) high-according to the tertiles of their distributions in the combined control groups. Comparisons of nutrient consumption in cases and controls were done by means of conditional logistic regression, including only one nutrient and total energy intake as 834 Kaplan et al. covariates (tables 3 and 7). Next, a multivariate analysis was performed by conditional logistic regression in which each nutrient was adjusted simultaneously for the other nutrients in the model (table 5) . In these analyses, we applied scores of -1, 0, and 1 to the groups with low, medium, and high consumption, respectively, and considered this scale quantitative. The odds ratios presented in table 5 characterize the change in disease risk corresponding to a change in the consumption level of each of the variables. (Interpretation of the odds ratios is explained at length in the footnotes of table 5.) An odds ratio was considered statistically significant when its 95 percent confidence interval excluded 1. We investigated interactions between nutrient intakes by examining the effects of the products of these scores. To test the consistency of our results, we performed three comparisons: cases versus both types of controls and cases versus each control group separately. Table 6 illustrates interactions between //-nitroso compounds and cholesterol and N-nitroso compounds and protein, respectively. The odds ratios were calculated using conditional logistic regression with two appropriate covariates and their interaction. We used the nominal scale to obtain exact fitting of marginal distributions.
Preliminary analyses and data checks were performed using the BMDP statistical analysis program (27) . The main part of the statistical analysis was performed using EGRET PC (28) . Table 1 shows data on selected characteristics of the cases and the two control groups. The three groups were similar, except for years of education. Cases were slightly more educated than hospital controls but were less educated than friend controls. The difference might have been due to a tendency of cases to name friends with a higher level of education. Table 2 presents the distribution of tumors by histopathology. Of the 139 brain tumors, 59 (42.4 percent) were malignant and 80 (57.6 percent) were benign. Table 3 presents the univariate odds ratios for brain tumor development for selected nutrients, using nutrient densities, with adjustment for total energy. We adjusted for total energy intake despite die fact that no significant difference in energy intake between cases and controls was found (the odds ratio (OR) for the highest tertile was 0.70; 95 percent confidence interval (CI) 0.39-1.22). A significant positive association with brain tumor development was found for high protein intake (OR = 1.94, 95 percent CI 1.03- 3.63). Increased consumption of total fat appeared to be inversely related to brain tumors (medium intake: OR = 0.57, 95 percent CI 0.33-0.96; high intake: OR = 0.76, 95 percent a 0.45-1.26).
RESULTS
High intakes of cholesterol and sodium were also inversely related to brain tumor risk (OR = 0.53 (95 percent CI 0.30-0.93) and OR = 0.52 (95 percent CI 0.31-0.87), respectively). No association was found for intake of nitrate, nitrite, total N-nitroso compounds, vitamin C, carotene, retinol, or retinol equivalents; nor was an association found for saturated, monounsaturated, or polyunsaturated fatty acids, sugar, fiber, total carbohydrate, starch, calcium, or vitamins E and A. When the same analysis was performed for cases versus each type of control separately, the results were very similar, except for fiber and retinol equivalents. In comparisons with friend controls, the odds ratio for medium consumption of fiber was 0.77 (95 percent CI 0.41-1.44), while for hospital controls the odds ratio was 1.52 (95 percent CI 0.87-2.65). For retinol equivalents, the odds ratio for high consumption was 0.64 (95 percent CI 0.29-1.15) with friend controls, while it was 1.18 (95 percent CI 0.65-2.15) with hospital controls. These odds ratios represent the greatest differences among 23 comparisons.
Among selected food groups, a high intake of eggs showed a significant inverse association with brain tumors (OR = 0.53, 95 percent CI 0.33-0.87), while a high intake of fruits, especially those rich in vitamin C, was significantly associated with brain tumor risk (OR = 1.76 (95 percent CI 1.03-3.01) and OR = 2.01 (95 percent CI 1.17-3.46), respectively) (table 4). Table 5 presents the results of conditional logistic regression analysis based on selected nutrient intakes. Initial selection of variables was based on items suggested to be of importance in previous studies (e.g., vitamins C and E, N-nitroso compounds) and those for which an association was seen in our univariate analysis. Nonsignificant (p > 0.05) variables were dropped from the model; the main effects of significant interaction terms were retained.
A significant inverse association with brain tumor risk was observed for intakes of fat and sodium (OR = 0.75 (95 percent CI 0.56-1.00) and OR = 0.69 (95 percent CI 0.51-0.93), respectively). A positive interaction was noted between protein and N-nitroso compounds (p -0.078) and a negative interaction between cholesterol and N-nitroso compounds (p = 0.053). (Interpretation of the odds ratios in this table is explained in the table footnotes.) Table 6 illustrates the meaning of the interaction effects between cholesterol and N-nitroso compounds and between protein and JV-nitroso compounds that were shown in table 5. The negative association between risk of brain tumors and cholesterol intake is much stronger for high consumption of N-nitroso compounds than for low consumption (the odds ratios change from 1.00 to 0.95 for low consumption and from 1.87 to 0.52 for high consumption). The positive association between brain tumor risk and protein intake is much stronger for high consumption of Nnitroso compounds than for low consumption (the odds ratios for high intake change from 0.87 to 1.81, while for low intake, the odds ratios change from 1 to 836 Kaplan et al. Analysis by major type of tumor (gliomas and meningiomas) showed that the general pattern of risk found in each of these two categories was similar to that in the total group of brain tumors (table 7) , with some important exceptions. Total fat and cholesterol were significantly inversely related to the risk of gliomas (OR = 0.45 (95 percent Cl 0.20-1.07) and OR = 0.38 (95 percent Cl 0.14-1.01), respectively) but were not related to the risk of meningiomas. Saturated fat had a significant positive association with the risk of meningiomas (OR = 2.34, 95 percent Cl 1.11-4.90) but appeared to be negatively associated with the risk of gliomas. The same pattern was seen for total N-nitroso compounds, but was not significant. Fiber appeared to be positively associated with the risk of gliomas but negatively associated with the risk of meningiomas, without statistical significance. In con- trast, for both of these major types of brain tumors, total protein was positively associated with risk and sodium was negatively associated with risk.
DISCUSSION
The main findings of our study are that high consumption of cholesterol or fat and sodium appears to be negatively associated with risk of gliomas. Secondly, high consumption of protein appears to be positively associated with the risk of both gliomas and meningiomas.
The differing directions of the protein and cholesterol effects contrast with the results of some previous studies. A possible reason for this lack of correlation between the protein and cholesterol effects is that the Israeli diet consists of lower fat consumption and a different fat composition than the US diet. In the US diet, the major sources of both protein and cholesterol are dairy products and meat, while in Israel, protein is derived to a large extent from vegetable sources such as beans. * OR, odds ratio; Cl, confidence interval. t Odds ratio is that associated with a move from low to medium intake or from medium to high intake.
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i Odds ratio is that associated with a move from low to medium intake or from medium to high intake when protein and cholesterol intakes are both at medium levels.
§ Odds ratio is that associated with a move from low to medium intake or from medium to high intake when intake of W-nitroso compounds is medium.
H Multiplication factor (dividing factor) by which the odds ratio for /V-nitroso compounds, protein, or cholesterol is modified when consumption of the other factor in the interaction moves from medium to high (or medium to low)-e.g., 1) when intake of Nnrtroso compounds moves from medium to high, the protein odds ratio changes from 1.50 (value given in table) to 2.07 (1.50 x 1.38); 2) when intake of A/-nitroso compounds moves from medium to row, the cholesterol odds ratio changes from 0.78 (value given in table) to 1.10(0.78/0.71).
The standard Israeli diet also differs from the US diet in other ways. The Israeli diet consists of an average fat intake of 33 percent of total calories, with 38 percent of the fat coming from animal sources (i.e., meat, poultry, fish, and milk products) and 62 percent coming from grain products, fruit, and vegetable oils. The average cholesterol consumption is 450 mg/day (29) . In contrast, the average fat intake in the United States at the time of the study was 43 percent of total calories, with 58 percent of the fat coming from animal sources (i.e., meat, poultry, fish, milk, and milk products) and only 42 percent coming from grain products and vegetable oils (30) . The average cholesterol consumption was 700 mg/day (31) . The different directions of the protein and fat and cholesterol effects would be surprising if these nutrient intakes were highly correlated, but the correlations between their nutrient densities (which are used in the analysis shown in table 1) are modest (protein vs. cholesterol: 0.31; protein vs. fat: 0.32).
As in most similar studies, recall bias may have affected the recollection of food intake and led to differential over-or underreporting of particular food items, according to their perceived importance, among cases and controls. The frailty of some study subjects and the reluctance of certain relatives to provide proxy interviews might have also led to a certain bias. However, the fact that the same interview method was applied to the spouses of the controls might have ameliorated this problem, at least in part.
The hypothesis that exposure to N-nitroso compounds causes brain tumors or contributes to the risk is yet to be confirmed. Several previous epidemiologic studies have provided partial evidence for a positive association between increased risk of brain rumors and exposure to N-nitroso compounds (4, 5), but others have not (32, 33) . In 1991, Preston-Martin (34) that citrus fruit was protective against meningioma, but the risk was not significantly decreased. Recently, Boeing et al. (36) found an increased risk for glioma with the consumption of ham, processed pork, or fried bacon, but no association with endogenous N-nitrosation or with intake of vitamin C or fruits and vegetables. In contrast, Ryan et al. (37) did not find an increase in risk with consumption of foods rich in precursors of N-nitroso compounds or a decrease in risk with regular use of foods and supplements containing endogenous nitrosation inhibitors.
The results of our study are consistent with the hypothesis that carcinogens contained in food may be involved in brain tumor etiology, even if they do not support the hypothesis that N-nitroso compounds alone have a role in the development of such tumors in adults. However, the measure of nitrate intake was incomplete, since it is practically impossible to assess intake from drinking water, which is a major source of nitrate in many countries (10) . On the other hand, our results do suggest that a combination of N-nitroso compounds and other nutrients in the diet, particularly cholesterol, may be associated with brain tumors. Most of the previous reports on cholesterol and cancer have been based not on dietary intake of cholesterol but on blood cholesterol levels at the time of interview.
The inverse associations of cholesterol and fat consumption with brain tumor risk in our study seem to be inconsistent with the results of many other epidemiologic and experimental studies which suggested a positive association between fats and the development of various tumors, such as tumors of the colon, pancreas, prostate, and breast, among We believe that the inverse association we found may be explained by the inhibition of the mutagenicity of Af-nitroso compounds by fatty acids (52, 53) or by their effect on the structure and function of the bloodbrain barrier. One of the postulated mechanisms is an increased membrane permeability to carcinogens induced by fat (48) and a decreased membrane permeability induced by cholesterol (49) . These changes may influence the penetration of different molecules through the blood-brain barrier (48, 49, 54, 55) . Accordingly, cholesterol may also influence the function and structure of the blood-brain barrier (48, 49) . Thus, a high cholesterol intake may inhibit the blood-brain barrier transport of N-nitroso compounds. This is compatible with the idea that fat acts specifically through distinct mechanisms for different target organs in enhancing or controlling carcinogenesis (45, 56, 57) . In breast cancer, it might operate through hormone levels (46, 58, 59) , while in cancer of the colon, it might involve control of cholesterol biosynthesis and production of bile acids (58) . The finding that fat or cholesterol might have an inverse association with the development of gliomas while not affecting meningiomas needs further exploration. Possible explanations include the differential cell types and, particularly, the locations of these two types of tumors. Meningiomas lie outside the bloodbrain barrier, and if the fat or cholesterol effect were mediated via the blood-brain barrier, it would make sense that gliomas but not meningiomas would be affected.
The association of high protein intake with the development of brain tumors remains unclear. Protein is probably not causally related to brain tumor development, for two reasons. Firstly, a high nitrosation effect is independent of high protein levels. The possible mechanism of endogenous production of nitrosamines is believed to involve several steps (26, 60, 61) , while the rate of nitrosation is proportional to the amine concentration and the square of nitrite concentration (60) . Since the concentration of amines in the human body is very high compared with that of nitrites, this reaction is determined by the concentration of only one reactant, namely nitrite. This implies that if the nitrite concentration is high, the formation of nitrosamines will occur to a much greater extent (26) . Secondly, protein intake has not been found to be a risk factor in other brain tumor studies, and no mechanism for such an effect is known. Therefore, we suspect that the results of our study are due to some unknown confounder.
Even though sodium plays a role in membrane transport of certain substances (62) , to the best of our knowledge there are no data in the literature concerning the potential role of sodium in the blood-brain barrier transport of ./V-nitroso compounds. We believe that the higher sodium level we found in the brain tumor cases may represent either a yet-to-be-defined confounder or a chance finding due to multiple comparisons. This is supported by the fact that when we compared the cases with each of the control groups separately, the association was found only for the hospital control group, where the low sodium content of hospital food might have affected the response.
Needless to say, when so many dietary factors are investigated simultaneously, a positive association with one of them could occur randomly. Our results should be considered in such a context, and must be confirmed by subsequent studies.
